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ABSTRACT

Antibiotic resistance in food animals has become an important issue for public health safety.  The genes 

that code antibiotic resistance often enter the feedlot environment via feces and have the potential to be 

transferred through agroecosystems and into the food chain, either directly in their original bacterial host 

or via horizontal gene transfer.  The objective of this study was to determine the distribution of erythromy-

cin resistance genes associated with beef cattle excretions and ascertain whether these genes are enriched 

in areas of feedlot pens with high deposition of fecal material over time.  The spatial distribution of manure 

accumulation was determined using georeferenced electromagnetic induction (EMI) readings at two times 

and EMI directed soil sampling. Feedlot surface samples from high- and low-manure accumulation zones 

were compared.  The data indicated that 14 months of manure accumulation did not result in an increase 

in erm(B) positive feedlot soils, and the distribution of erm(B) genes was not correlated with areas of high 

manure deposition within the pens.

Keywords: Antibiotic resistance, resistance, antibiotic resistance gene, manure, erythromycin, 
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INTRODUCTION

Erythromycin, a macrolide antibiotic commonly 

used to treat infections in humans, is on the World 

Health Organization’s list of antimicrobial agents 

that are critical to human health (World Health Or-
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ganization, 2007).   Related macrolides (Tulathromy-

cin (Draxxin), Tilmicosin (Micotil), and Tylosin (Tylan)) 

have been used in cattle to treat respiratory disease, 

pneumonia, metritis, mastitis, and foot rot (Smith 

Thomas, 2009). Tylosin is also used as a feed additive 

for cattle to prevent liver abscesses, and as part of a 

mineral supplement to help control pinkeye (Smith 

Thomas, 2009). Bacteria can develop resistance to 

macrolide antibiotics by encoding a suite of more 
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than 30 erythromycin ribosomal methylase (erm) 

genes (Roberts et al., 1999).  The erm genes can be 

found in both commensal and pathogenic bacteria, 

including Gram-positive and -negative species (De 

Leener et al., 2004; Roberts, 2004; Bae et al., 2005; 

Chen et al., 2007; Dogan et al., 2005).  

In bacteria from cattle, resistance to tylosin is en-

coded by erm genes and erm(B) is the most com-

mon (Jost et al., 2004).  For example, in a survey of 

U.S. livestock systems, the erm(B) gene was found 

to represent 56% of the total erm genes in bovine 

manure samples (Chen et al.,  2007). The erm(B) 

gene has been reported in Campylobacter from 

cattle feedlots (Bae et al., 2005), Enteroccocci from 

pastured cattle (Anderson et al., 2008), in livestock 

manure and pre-harvest production systems (Chen 

et al., 2007), and pen floor fecal samples from feed-

lot heifers (Jacob et al.,  2008).   Many studies screen 

for the erm(B) gene from pathogenic and commen-

sal bacterial isolates, but this strategy does not al-

low for the assessment of non-target, unculturable 

bacteria. Since one of the primary concerns associ-

ated with antibiotic resistance in agricultural settings 

is the horizontal gene transfer from animals to hu-

mans, whole community DNA needs to be screened 

in order to assess the entire reservoir of antibiotic 

resistance genes present in a sample (Isaacson and 

Torrence, 2002). One element that contributes to hu-

man health risk associated with antibiotic resistance 

genes from agricultural settings is the persistence 

of the genes over time (Unc and Goss, 2004). A lon-

gitudinal study demonstrated that the erm(B) gene 

could persist in fecal samples from cattle in field con-

ditions for over 150 days (Alexander et al.,  2011).  

In commercial cattle feedlot operations, feces are 

continually deposited onto the pen surface and accu-

mulate until they are removed by scraping, typically 

once a year.  Identification of zones within the feed-

lot that are enriched for antibiotic resistance genes 

would allow for targeted sampling and remediation 

efforts. The large size and spatial heterogeneity of 

the feedlot pen presents challenges for sample col-

lection.  Typically, cattle in pens tend to congregate 

in certain areas, resulting in zones of high manure 

accumulation in the pen.  Previous studies identi-

fied correlations between electromagnetic induction 

(EMI) readings and areas of high manure deposition 

(Woodbury et al., 2009; Eigenberg et al., 2010).   

We hypothesized that the incidence of erm(B) 

genes in the feedlot were a consequence of excre-

tion from the animal and would be concentrated in 

areas with high manure enrichment.  To test this hy-

pothesis we examined cattle feedlot pens that were 

allowed to accumulate manure for 14 months.  Feed-

lot pen surface samples were collected based on dif-

ferences in manure accumulation, delineated using 

EMI sampling methods and were evaluated using a 

conventional PCR-based erm(B) assay of total com-

munity DNA samples.  

MATERIALS AND METHODS

Sampling

In order to ensure that samples were collected 

from areas representing the continuum of manure 

deposition, pens were mapped for EMI and sample 

sites were co-located with selected EMI values us-

ing the spatial response surface sampling design 

(RSSD) program contained in the USDA-ARS ESAP 

(ECe Sampling Assessment and Prediction) software 

package (Lesch et al., 2000).  

Feedlot surface material samples were taken from 

ten feedlot pens (each 30 m by 60 m)  at the U.S. 

Meat Animal Research Center, in conjunction with 

a previously described study (Spiehs et al., 2012).  

Half of the pens contained animals receiving a nor-

mal, controlled diet of dry-rolled corn and half of the 

pens contained animals receiving a diet containing 

14 – 35%  wet distillers grains plus solubles (WDGS) 

(levels changed based upon the age of the cattle in 

the pens).  All pens have a concrete apron adjacent 

to the feeding area and water areas along the lat-

eral sides of the pens with a mound in the center.  

Following EMI mapping, twelve sample sites were 

identified in each pen, as described above, and GPS 

coordinates were recorded.  In general, the feedlot 

pens have a gradient slope at 2% declination from 

the feeding area down to the bottom of the pen 
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where aged manure and liquids accumulate (Wood-

bury et al., 2009).  During the 13-month study, the 

pens were not cleaned and two separate groups 

of cattle were fed in the pens, each containing 32 

mixed-breed finishing steers per pen.  The first set 

was exchanged for the second between September 

18th and 22nd, 2009. 

A total of 240 feedlot surface material samples 

were collected (120 from June 2009, 120 from August 

2010). Grab samples of the feedlot surface material 

were collected from the surface (0 to 10 cm depth), 

placed in 3.8-L plastic bags, and held on ice during 

transport to the laboratory.  Aliquots of the samples 

were stored at -20ºC until DNA extractions could be 

performed.  The remaining feedlot surface material 

was immediately dried in a forced-air oven at 100ºC 

for 24 hours, ground, and analyzed for moisture con-

tent, volatile solids content, nutrients, and soil pH as 

previously described by Spiehs et al. (2012).  

DNA Extraction and Quantification

Feedlot surface soil samples were extracted 

as previously described by Miller et al. (1999), and 

purified using a Wizard® DNA Purification System 

(Promega, Madison, WI).  DNA concentrations were 

determined using fluorometry.  Calibration stan-

dards were created using diluted λ DNA (Quant-iT™ 

PicoGreen® dsDNA Assay Kit) at concentrations of 

1 µg mL-1, 10 µg mL-1, 100 µg mL-1, and 1000 µg mL-

1, and PicoGreen® was diluted to 1:200 with 1xTE.  

The standards, mixed with the diluted PicoGreen®, 

were used to make a linear standard curve for cali-

bration.  Samples were prepared by mixing 5 µL of 

sample, 45 µL of 1xTE, and 50 µL of diluted Pico-

Green®.  Samples were allowed to rest under alumi-

num foil for 5 minutes and then the fluorescence was 

measured.  To verify fluorometric results, a subset of 

samples (three samples from each set of 30) was also 

screened on 1.5% agarose gels using established 

mass standards.  Gels were stained for 10 minutes in 

an ethidium bromide solution, destained for 25 min-

utes in distilled water, and visualized on a UV transil-

luminator (Ultraviolet Productions, Upland, CA). 

 

Polymerase Chain Reaction

A polymerase chain reaction (PCR) assay was 

performed for the detection of the erm(B) gene 

using primers developed by Böckelmann et al. 

(2009). The forward and reverse primer sequences 

were 5’-GGATTCTACAAGCGTACCTTGGA-3’ and 

5’-GCTGGCAGCTTAAGCAATTGCT-3’, respectively.  

The amplification reactions were made with 0.25 µL 

each of forward and reverse primers (1:100 concen-

tration), 11 µL PCR grade water, 12.5 µL Jumpstart 

Red TAQ ReadyMix (Sigma-Aldrich, St. Louis, MO), 

and 1 µL diluted sample (1:100 concentration).  Posi-

tive and negative controls were run for every assay.  

Thermocycling was performed using a PTC-100 Pel-

tier thermocycler (Bio-Rad, Hercules, CA).  The cy-

cles were set at 95°C for 2 minutes, then 35 cycles 

repeating through 95°C for 30 seconds, 60°C for 45 

seconds and 72°C for 1 minute, then finally 72°C for 

7 minutes.  Samples were run on an agarose gel for 

45 minutes on 145 V, stained with ethidium bromide 

for 10 minutes, and then destained with distilled wa-

ter for 20 minutes.  Gels were photographed using 

a Kodak Gel Logic 100 Imaging System (Carestream 

Health, Inc., Rochester, NY).  

Statistical Analysis

The ANOVA and Logistic procedures available in 

SAS Analysis program version 9.2 (SAS Inst., Cary, 

NC) were used to determine the effect of diet treat-

ment, date of sampling, and pen location on erm(B) 

prevalence and used to determine differences be-

tween soil parameters related to erm(B) status.  Dif-

ferences were considered significant at P ≤ 0.05 

and were considered tendencies when the P-values 

ranged from P = 0.05 to P < 0.10.  

 
RESULTS AND DISCUSSION

The persistence and distribution of the antibi-

otic resistance gene erm(B) was examined in cattle 

feedlot pens over a 14 month period.  Data indicate 

no differences in the incidence of erm(B) over the 
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course of the study, regardless of animal diet (Table 

1). Initial samples from June 2009 revealed a high 

prevalence of the gene in the pens, with 76% (n=91) 

of the samples testing positive for the erm(B) gene.   

In August 2010, fourteen months later, 81% (n=97) of 

the feedlot surface material samples were positive 

for the erm(B) gene.  Thus, despite fourteen months 

of manure deposition, the prevalence of the gene 

in the feedlot soil samples showed no statistical 

change.  	

Since the initial source of erm(B) genes detected 

in feedlot pen soil is likely to be the fecal deposition, 

the locations of high manure deposition within the 

pen were assumed to be the locations where erm(B) 

would most likely be detected.  Mapping of the pens 

with EMI allows for the identification of regions in 

the pen with signatures characteristic of high ma-

nure deposition (Woodbury et al., 2009).   Thus, if 

Table 1. Prevalence of erm(B) positive samples based upon diet fed, pen location, and sample 
date

June 2009 August 2010

Diet* Pen Mound† Edge Mound Edge
0% WDGS 307 60.0% (n = 5)‡ 71.4% (n = 7) 83.3% (n = 6) 50.0%, (n = 6)

309 50.0% (n = 4) 100.0% (n = 8) 100.0% (n = 4) 87.5% (n = 8)

311 80.0% (n = 5) 85.7% (n = 7) 50.0% (n = 2) 70.0% (n = 10)

313 50.0% (n = 2) 90.0% (n = 10) 75.0% (n = 4) 62.5% (n = 8)

315 71.4% (n = 7) 100.0% (n = 5) 100.0% (n = 3) 100.0% (n = 9)

Ave 62.3% 89.4% 81.7% 74.0%

35% WDGS 308 40.0% (n = 5) 85.7% (n = 7) 100.0% (n = 3) 88.9% (n = 9)

310 25.0% (n = 4) 62.5% (n = 8) 100.0% (n = 4) 87.5% (n = 8)

312 80.0% (n = 5) 71.4% (n = 7) 75.0% (n = 4) 62.5% (n = 8)

314 75.0% (n = 4) 75.0% (n = 8) 100.0% (n = 3) 88.9% (n = 9)

316 83.3% (n = 6) 100.0% (n = 6) 50.0% (n = 4) 87.5% (n = 8)

Ave 60.7% 78.9% 85.0% 83.1%

0% vs 35% WDGS P diff 0.905 0.244 0.813 0.404

Overall Ave 61.5%A§ 84.2%B 83.3%B 78.5%B

*Diet indicates either a corn-based diet excluding wet distillers grains plus solubles (0% WDGS) or a diet 
including up to 35% WDGS. 
†Mound indicates sample from the central mound and edge indicates the lower area surrounding the 
mound. 
‡Number of samples in each cell classified as either mound or edge.  Twelve total samples per pen. 
§Means with different letters within a row are significantly different at P < 0.05.
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the erm(B) genes were concentrated in areas of high 

manure deposition, we would have expected to find 

more erm(B) positive samples in areas with high EMI 

readings.  Our data did not support this theory at 

either the initial or final sample collection (Figure 1), 

as erm(B) positive and negative results were scat-

tered indiscriminately across low and high EMI read-

ing samples.  Pen size and orientation may impact 

cattle behavior (Wilson et al., 2010), and therefore 

manure accumulation, so further evaluation of other 

pens with different designs is warranted.

Next, the ecology of the feedlot pen was con-

sidered, including pen design and animal behavior. 

Cattle feedlot pens are generally outdoors and ex-

posed to the elements.  Often there is a mound lo-

cated in the pen to provide a dry area for the cattle 

during wet weather (Woodbury et al., 2001). Cattle 

are non-randomly distributed in the pens and even 

though cattle movement can mix surface material 

across the feedlot pen, distinct zones can develop 

where fecal organisms are fortified (Woodbury et al., 

2009).  Subtle differences were detected in erm(B) 

gene prevalence between pen sites (mound versus 

edge) based upon the date (Table  1). Initial preva-

lence of erm(B) on the mound in June 2009 was less 

than the prevalence of erm(B) in pen edge samples 

in June 2009, and the prevalence differed (P = 0.016) 

from both mound and pen edge samples in August 

2010.  The prevalence of erm(B) in the mound ver-

sus the pen edge, however, did not differ from one 

another in August 2010.  A comparison of the over-

all prevalence in 2009 to 2010 (75.8% and 80.8%, re-

spectively) showed no difference (P= 0.271).    

A variety of feedlot surface properties were eval-

uated to determine if any had an effect on erm(B) 

distribution in the cattle feedlot pen (Table 2).  Our 

data did not support the idea that the erm(B) genes 

are distributed across the entire feedlot pen over 

time.  Both erm(B) positive and negative surface 

samples were compared for each sampling date and 

location (mound versus edge) within the pen.   Sig-

nificant differences were observed between erm(B) 

positive and negative samples for VS, total N, pH, 

and ECa.  However, for most surface parameters on 

a particular date and location, there were no differ-

ences between erm(B) positive and erm(B) negative 

samples.  Furthermore, when a significant difference 

was observed between erm(B) positive and negative 

samples in one set of circumstances (pen location 

and date), that difference was not significant for any 

of the other set of date and location combinations.  

For instance, surface pH for June 2009 in pen edge 

samples was lower in erm(B) positive compared to 

erm(B)  negative samples, but there were no differ-

ences in pH for these mound or edge samples in Au-

gust 2010 or in the mound samples for June 2009.  

There were no clear linkage between erm(B) and abi-

otic environmental parameters of the feedlot surface 

material such as temperature and pH (Table 2).  

In this study, results are based on PCR assays and 

therefore are not capable of detecting whether vi-

able antibiotic resistant microorganisms are present 

in the environment, only whether a specific gene is 

present in the environment. However, since there is 

concern that antibiotic resistance genes from ani-

mal production settings may impact human health 

via horizontal gene transfer (Brabban et al., 2005; 

Colomer-Lluch et al., 2011a; b; Hawkey and Jones, 

2009), the gene-based information is relevant when 

considering issues of public health. An organism 

does not need to be alive to contribute an antibiotic 

resistance gene.  The mechanism used by genes to 

move through the environment to impact humans 

remains unclear.  

The addition of antibiotic resistant bacteria to the 

feedlot surface is attributed to animal feces, but af-

ter the fecal bacteria leave the gastrointestinal tract 

(GIT), they are exposed to a drier, more oxygenated 

soil environment that quickly inactivates or kills many 

gut microorganisms.  The bacterial community found 

on the feedlot surface material has been shown to 

be very distinct from the composition of the individ-

ual animal’s GIT (Durso et al., 2011).  So, even though 

the original source of the erm(B) genes is assumed 

to be fecal bacteria,  once excreted from animals the 

biological components of feces, such as the erm(B) 

genes, display distribution and persistence patterns 

that are different from those of the chemical and 

physical components of the fecal material.  

Finally, it must be noted that antibiotic resistance 
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Figure 1. Mapping of feedlot pens at two time points.  Results of electromangnetic induction 
(EMI) maps of feedlot pens are displayed on a color scale.  High EMI readings have been previ-
ously correlated with areas of high manure deposition (Woodbury et al., 2009; Eigenberg et al., 
2010).  Results of the erm(B) screening locations are displayed using red dots to indicate of erm(B) 
positive samples and black dots to indicate erm(B) negative samples.
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Table 2. Feedlot pen surface composition at the edge and mound areas based upon the detec-
tion of erm(B) at the beginning and end of the feedlot feeding trial. Bold numbers indicate data 
that was found to be statistically relevant. 

June 2009 August 2010

erm(B) 
Positive

erm(B) 
Negative

erm(B) Posi-
tive

erm(B) 
Negative

Pen Edge

	 Moisture, % 19.7 17.3 20.3 19.4

	 Volatile Solids, % 20.1 17.6 17.0 15.1

	 Total S, g/kg DM 2.4 2.6 2.5 2.3

	 Total N, g/kg DM 6.7 5.8 8.4 7.2†

	 Total P, g/kg DM 3.2 3.1 3.8 3.5

	 Total K, g/kg DM 9.8 10.3 9.2 8.5

	 Soil temperature, ºC 30.0 28.9 33.2 33.4

	 Surface temperature, ºC 43.3 39.2 43.2 41.3

	 Soil pH 7.7 8.1* 7.4 7.5

	 Shallow ECa‡, mS/m 171.2 192.0 171.1 138.8*

	 Deep ECa, mS/m 165.1 173.6 174.4 149.6

Pen Mound

	 Moisture, % 12.3 10.7 14.6 15.2

	 Volatile Solids, % 13.6 13.0 13.0 9.5*

	 Total S, g/kg DM 1.4 1.3 1.7 1.3†

	 Total N, g/kg DM 5.3 4.4 6.1 4.3*

	 Total P, g/kg DM 2.3 2.1 2.8 2.2†

	 Total K, g/kg DM 8.8 8.2 8.0 6.8

	 Soil temperature, ºC 30.0 30.8 33.1 33.6

	 Surface temperature, ºC 43.5 44.9 42.7 42.6

	 Soil pH 7.5 7.5 7.3 7.3

	 Shallow ECa, mS/m 124.5 121.3 119.2 102.0

	 Deep ECa, mS/m 135.0 134.6 127.6 107.5

*Means with a different letter within a row for a particular sample time differ at P < 0.05.

†Indicates a tendency (0.05<P < 0.1) for the erm(B) positive and negative samples to differ for that par-
ticular sample date.

‡Apparent electrical conductivity as measured by Woodbury et al. (2009)
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is complex, encompassing many different classes of 

drugs and mechanisms of resistance.  The dynamics 

of erythromycin resistance, as coded for by erm(B), 

is not necessarily the same as the dynamics of other 

macrolide antibiotic resistance genes.  There is not 

currently enough information to determine how dif-

ferent kinds of antibiotic resistance genes persist 

and move through agroecosystems, or how the data 

collected here for erm(B) relates to distribution and 

persistence of other antibiotic resistance genes.  

Previous studies strongly support the idea that the 

composition of resistance genes in any particular 

habitat is a reflection of the species of bacteria that 

are commonly found in each environment (Durso et 

al., 2012; Patterson et al., 2007).

In conclusion, erm(B) genes were not enriched in 

feedlot soils despite 14 months of manure accumu-

lation.  Locations of high manure deposition were 

not the same as the locations of the erm(B) gene 

and  the gene was not associated with specific feed-

lot pen zones.   The dynamics of antibiotic resistance 

in cattle feedlot pens is likely dependent on the spe-

cific antibiotic resistance gene being studied, and is 

likely influenced by a number of biological, physical, 

and chemical parameters of the soil.
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